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(54) Control system for a modular power supply and method of operation thereof 



(57) In a modular power supply having a plurality of 
module slots capable of receiving power supply mod- 
ules (PS^.PSn) therein, a system and method for con- 
trolling the power supply modules to regulate an overall 
output characteristic of the modular power supply, in- 
cludes: (1 ) an overall control circuit (CONTROLLER) for 
sensing an overall output characteristic (VL) of the mod- 
ular power supply and developing therefrom an overall 
error signal (V e ) representing a deviation of the overall 
output characteristic from a reference characteristic 



(V DPV ) and (2) a separate module control circuit (Bj.Kj, 
M;) for each of the power supply modules, each sepa- 
rate module control circuit sensing an output character- 
istic (lj) of an associated power supply module and de- 
veloping therefrom and from the overall error signal a 
regulating signal (V C j) for the associated power supply 
module, the regulating signal controlling the output char- 
acteristic of the associated power supply module to con- 
trol the overall output characteristic of the modular pow- 
er supply. 
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Description 

Technical Field of the Invention 

The present invention is directed, in general, to 
modular power supplies and, more specifically, to a con- 
trol system that regulates an output and simultaneously 
sustains load sharing among power supply modules of 
the modular power supply. 

Background of the Invention 

It is not uncommon to find a power supply having a 
plurality of slots for receiving individual power supply 
modules. The modular architecture provides several ad- 
vantages, including, an increase in the level of power 
that may be delivered to a load and an increase in the 
overall reliability of the power supply by sharing the load 
requirements among a plurality of redundant power sup- 
ply modules. Additionally, the modular architecture en- 
hances the flexibility of the power supply by allowing in- 
dividual modules to be replaced to accommodate 
changes in the power supply requirements. Finally, the 
modular architecture provides a robust system whereby 
failed modules can be rapidly replaced with replacement 
modules. 

Conventionally, the power supply may employ mul- 
tiple converters in separate modules that convert an AC 
or DC input voltage to a DC output voltage. Again, the 
power supply may employ multiple converters in sepa- 
rate modules to increase the overall capacity and relia- 
bility of the power supply. The converters, in such a sys- 
tem, share the load to, among other things, evenly dis- 
tribute stresses among the separate modules, while pro- 
viding a regulated output to the load. Also, when a failure 
occurs in a modular system, it is possible to identify and 
shut down the failed unit without affecting the other par- 
allel connected units, thereby minimizing the overall ef- 
fects on the output of the power supply. While uniform 
power distribution or load sharing may be a goal of par- 
allel converters in the modular power supply, several 
factors contribute to non-uniform distribution. For in- 
stance, as component tolerances and the characteris- 
tics of the components change due to uneven aging and 
different physical conditions, the power distribution 
therefrom also changes. Therefore, efforts should be 
made to adequately control the modules to regulate the 
output of the power supply and compensate for individ- 
ual variations in the power supply modules. 

There are a number of alternatives well known in 
the prior art that attempt to achieve load sharing among 
parallel modules in a modular power supply. One of the 
simplest methods for load sharing is commonly referred 
to as the droop method. The droop method is an open- 
loop technique that programs the output impedance of 
the power supply modules to attain load sharing. A dis- 
advantage of this type of technique is that there is poor 
regulation of the output voltage of the power supply. In 



addition, while this method obtains relatively acceptable 
load sharing at higher currents, at lower currents the 
droop method exhibits poor load sharing leading to large 
current imbalances between power supply modules. 
5 A second alternative is to select a master module 
to perform voltage control at the output of the power sup- 
ply and force the remaining modules (i.e., slaves) to act 
as current sources. Since an error voltage is proportion- 
al to the load current, this alternative generally employs 
10 current-mode control. If the modules are similar in de- 
sign then a given error voltage at the output, or error 
amplitude, will compel the modules to source the same 
load current. A major deficiency with the master/slave 
option is that if the master fails, the entire system is dis- 
abled thereby defeating the redundancy of the modular 
power supply. 

Another conventional method is a current sharing 
technique referred to as central limit control ("CLC"). 
The CLC design requires that the parallel modules reg- 
ulate the voltage across the shared load and the voltage 
feedback loops of the modules sense the load voltage. 
As a result, the CLC provides voltage regulation at the 
output of the power supply and current sharing among 
the modules. There are several variations of this method 
including CLC with common voltage feedback and fixed 
reference voltage. Under this approach, the common 
output voltage across the shared load is regulated to a 
fixed reference through identical voltage error compen- 
sators. The operating control voltage that feeds the driv- 
er of each module is compensated by a corresponding 
error signal to produce current sharing among the power 
supply modules. While this alternative provides ade- 
quate load sharing for identical power supply modules, 
it cannot adequately compensate for variations in the 
individual power supply modules (e.g., variations in tol- 
erances) due to the non-identical compensators em- 
ployed therein. 

Accordingly, what is needed in the art is a control 
system for a modular power supply that maintains a well 
regulated output and employs current sharing among 
the power supply modules, while compensating for var- 
iations in the performance and tolerances of the individ- 
ual power supply modules. 



To address the above-discussed deficiencies of the 
prior art, the present invention provides, in a modular 
power supply having a plurality of module slots capable 
of receiving power supply modules therein, a system 
and method for controlling the power supply modules to 
regulate an overall output characteristic of the modular 
power supply. 

The system includes: (1) an overall control circuit 
for sensing the overall output characteristic of the mod- 
ular power supply and developing therefrom an overall 
error signal representing a deviation of the overall output 
characteristic from a reference characteristic and (2) a 
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separate module control circuit for each of the power 
supply modules, each separate module control circuit 
sensing an output characteristic of an associated power 
supply module and developing therefrom and from the 
overall error signal a regulating signal for the associated £ 
power supply module. The regulating signal controls the 
output characteristic of the associated power supply 
module to control the overall output characteristic of the 
modular power supply. 

The system of the present invention provides pre- 10 
cise regulation of the overall output characteristic of the 
modular power supply, while concurrently maintaining 
load sharing among the power supply modules of the 
power supply. The system attains this higher level of 
regulation by employing both system-wide and individ- 15 
ual modular control. The overall control circuit develops 
the overall or common error signal that the module con- 
trol circuits employ, in conjunction with an output char- 
acteristic of the individual module, to develop a regulat- 
ing signal that controls the output of each power supply 20 
module. By selecting the gain of the compensation cir- 
cuits to adequately amplify the common error signal, the 
output characteristic can be regulated to track the refer- 
ence characteristic very closely. The system perform- 
ance can be achieved despite changes in the load, er- 25 
rors in sensing the output characteristic of any particular 
power supply module, variations in the tolerances of the 
power supply components or variations in the gains of 
the compensation circuits employed in the power sup- 
ply. 30 

In an alternative embodiment of the present inven- 
tion, the separate module control circuit senses an out- 
put current of the associated power supply module and 
develops therefrom a current error signal representing 
a deviation from an average of output currents of the 35 
power supply modules. The separate module control cir- 
cuit combines the current error signal with the overall 
error signal to further develop the regulating signal. In a 
related, but alternative embodiment of the present in- 
vention, the separate module control circuit senses an 40 
actual output current of the associated power supply 
module and develops therefrom a current error signal 
representing a deviation of a ratio of the actual output 
current to a maximum output current of the associated 
power supply module from a ratio of an actual output 4S 
current of the modular power supply to a maximum out- 
put current of the modular power supply. Again, the sep- 
arate module control circuit combines the current error 
signal with the overall error signal to further develop said 
regulating signal. The system of the present invention so 
is compatible with a modular power supply employing 
non-identical power supply modules (e.g.> the power 
supply modules have varying maximum current carrying 
capability). In either embodiment, the separate module 
control circuit derives the regulating signal from the out- 
put characteristic of the associated power supply mod- 
ule, the overall error signal and the current error signal. 

In an alternative embodiment of the present inven- 



tion, the separate module control circuit develops the 
regulating signal from a second characteristic reference 
signal of the associated power supply module. The reg- 
ulating signal is derived with the addition of the second 
characteristic reference thereby increasing the reliability 
of the overall system. For instance, if the common error 
signal is interrupted, the power supply modules may still 
develop the regulating signal to control an output there- 
from and the overall output characteristic of the power 
supply. 

In an alternative embodiment of the present inven- 
tion, the separate module control circuit develops the 
regulating signal directly from the overall output charac- 
teristic. By developing the regulating signal from the 
overall output characteristic, the reliability of the system 
is enhanced to accommodate unforeseen conditions 
such as when the common error signal is interrupted. 

In an alternative embodiment of the present inven- 
tion, the system includes: (1 ) a first sample and hold cir- 
cuit for receiving and temporarily storing the overall out- 
put characteristic, the overall control circuit developing 
therefrom a sampled overall error signal, (2) a second 
sample and hold circuit for receiving and temporarily 
storing an output current of the associated power supply 
module, the separate module control circuit developing 
therefrom a sampled current error signal representing a 
deviation from an average of output currents of the pow- 
er supply modules and (3) an accumulator, associated 
with the separate module control circuit, for generating 
an intermediate regulating signal from the sampled 
overall error signal and said sampled current error sig- 
nal. In a related, but alternative embodiment of the 
present invention, the sampled current error signal rep- 
resents a deviation of a ratio of an actual output current 
to a maximum output current of the associated power 
supply module from a ratio of an actual output current 
of the modular power supply to a maximum output cur- 
rent of the modular power supply. In either case, the in- 
termediate regulating signal is derived from an accumu- 
lated and sampled overall error signal and current error 
signal. The present embodiments provide several ad- 
vantages, namely, the capability to'more precisely reg- 
ulate the overall output characteristic of the modular 
power supply and the ability to maintain the regulating 
signal at the last known value in the event of a failure of 
the overall control circuit. 

In an alternative embodiment of the present inven- 
tion, the overall output characteristic is a function of an 
output voltage of the modular power supply One of or- 
dinary skill in the pertinent art should understand that 
other electrical characteristics, such as, without limita- 
tion, an output current, may also serve as the overall 
output characteristic of the modular power supply. 

Another aspect of the present invention is, for use 
in a modular power supply having a plurality of module 
slots capable of receiving power supply modules therein 
and an overall control circuit for sensing an overall out- 
put characteristic of the modular power supply and de- 
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veloping therefrom an overall error signal representing 
a deviation of the overall output characteristic from a ref- 
erence characteristic, a power supply module, includ- 
ing: (1 ) power conversion circuitry and (2) a module con- 
trol circuit constructed according to the principles of the 
present invention. One of ordinary skill in the pertinent 
art should understand that the power conversion circuit- 
ry includes any circuitry, such as, without limitation, a 
DC/DC power converter, that transforms one form of 
electrical power to another. 

The foregoing has outlined, rather broadly, pre- 
ferred and alternative features of the present invention 
so that those skilled in the art may better understand the 
detailed description of the invention that follows. Addi- 
tional features of the invention will be described herein- 
after that form the subject of the claims of the invention. 
Those skilled in the art should appreciate that they can 
readily use the disclosed conception and specific em- 
bodiment as a basis for designing or modifying other 
structures for carrying out the same purposes of the 
present invention. Those skilled in the art should also 
realize that such equivalent constructions do not depart 
from the spirit and scope of the invention in its broadest 
form. 

Brief Description of the Drawings 

For a more complete understanding of the present 
invention, reference is now made to the following de- 
scriptions taken in conjunction with the accompanying 
drawings, in which: 

FIGURE 1 illustrates a prior art control system for a 
modular power supply; 

FIGURE 2 illustrates a modular power supply em- 
ploying one embodiment of a control system con- 
structed according to the principles of the present 
invention; 

FIGURE 3 illustrates the modular power supply of 
FIGURE 2 employing another embodiment of a con- 
trol system constructed according to the principles 
of the present invention; 

FIGURE 4 illustrates the modular power supply of 
FIGURE 2 employing yet another embodiment of a 
control system constructed according to the princi- 
ples of the present invention; 
FIGURE 5 illustrates the modular power supply of 
FIGURE 2 employing yet another embodiment of a 
control system constructed according to the princi- 
ples of the present invention; and 
FIGURE 6 illustrates the modular power supply of 
FIGURE 2 employing yet another embodiment of a 
control system constructed according to the princi- 
ples of the present invention. 

Detailed Description 

Referring initially to FIGURE 1, illustrated is a prior 



art control system for a modular power supply 1 00. The 
power supply 100 includes <N> power supply modules 
PS 1 to PS N in parallel that deliver power to a common 
load LOAD. While the individual components of the pow- 
5 er supply module PSj are illustrated and the operation 
thereof will hereinafter be described, the principles are 
equally applicable to the other power supply modules 
PS 1 to PS N employed by the modular power supply 1 00. 

The power supply module PSj is connected in series 
with a interconnection impedance Z cy and a common in- 
terconnection impedance Zp to the load LOAD. The load 
voltage V L is sensed and sent to the power supply mod- 
ule PSj. • The output current ly of the power supply mod- 
ule PSj is compared with a signal equal to the average 
output current l^yof ail the power supplies PS-, to PS N ; 
a resulting error signal is processed by a compensation 
circuit represented by a control block My to yield a current 
error signal for the power supply module PSj. The cur- 
rent error signal is added to the reference voltage V fl £^ 
to create a voltage V Rj : The voltage V fly is compared to 
the common fed back load voltage V^, processed by a 
compensation circuit represented by a control block By, 
and the resulting voltage is used to control an output 
voltage V y -of the power supply module PSj. 

In this prior art control system, the power supply 
modules PS-, to PS N share the load current and the load 
voltage V L is regulated at a level that is an average of 
the individual power supply module reference voltages. 
The dependence of the load voltage V L on the average 
value of the individual power supply modules reference 
voltages makes precise regulation of the load voltage 
very difficult. If the load voltage V L needs to be ad- 
justed, then the reference voltage of each power supply 
module PS A to PS N must be adjusted via a manual iter- 
ative process until the desired level of the load voltage 
V L is obtained and all of the power supply modules PS 1 
to PSN are delivering the same current. When the power 
supply modules PS^ to PS N are added or removed from 
the modular power supply 100, this manual iterative 
process must be repeated. 

Turning now to FIGURE 2, illustrated is a modular 
power supply 200 employing one embodiment of a con- 
trol system constructed according to the principles of the 
present invention. Analogous to the modular power sup- 
ply 100 of FIGURE 1, the modular power supply 200 
includes <N> power supply modules PS 1 to PS N in par- 
allel that deliver power to a common load LOAD. While 
the individual components of the power supply module 
PSj are illustrated and the operation thereof will herein- 
after be described, the principles are equally applicable 
to the other power supply modules PS-, to PS N em- 
ployed by the modular power supply 200. The control 
system of the present invention includes an overall con- 
trol circuit illustrated as the circuitry from the load LOAD 
through a controller CONTROLLER to a compensation 
circuit represented by a control box Ky. The control sys- 
tem of the present invention also includes a separate 
module control circuit (associated with each power sup- 
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ply module PS t to PS N ) illustrated as compensation cir- 
cuits represented by control blocks By Myin the power 
supply module PSy. 

An overall output characteristic or load voltage V L 
is sensed and compared to a reference characteristic or s 
reference voltage V 0PV/ for the modular power supply 
200 to generate an overall (or common) error signal or 
common error voltage V e that is sent to the power supply 
modules PS 1 to PS N . The output current l y of the power 
supply module PSj is sensed and compared to an aver- 10 
age output current \ AV oi the power supply modules PS-, 
to PS N and the resulting error signal is processed by the 
compensation circuit My to yield a current error signal l ey . 
If the power supply modules PS 1 to PS N have varying 
maximum current capabilities, the current error signal is 
\ e j is derived representing a deviation of a ratio of the 
output current l y - to a maximum output current capability 
Ij(max) °f tne P ower supply module PSj from a ratio of an 
actual output current of the modular power supply 200 
to a maximum output current of the modular power sup- 20 
ply 200. In either case, the common error voltage V e 
(where V 0 = V L - V DPV ) is processed by the compensa- 
tion circuit Ky and the resulting signal is added to the 
current error signal l ey - to obtain the reference voltage 
V fl yfor a converter Cy (i.e., the power conversion circuit- 2s 
ry). The converter Cy regulates an output characteristic 
or output voltage V y such that the difference V^- ByVy is 
approximately zero. The output voltage Vy (processed 
by the compensation circuit Bj) combined with the refer- 
ence voltage V fly provides a regulating signal V Cy to con- 30 
trol the converter Cyto ultimately more precisely regulate 
the load voltage V L . By adjusting the gains of the com- 
pensation circuit Kyto be relatively large, the load volt- 
age V L is approximately equal to the common reference 
voltage V DPV . Therefore, only the reference voltage V D . 35 
pv need be adjusted to regulate the load voltage V L 
thereby avoiding the manual iterative process of the pri- 
or art. 

Turning now to FIGURE 3, illustrated is the modular 
power supply 200 of FIGURE 2 employing another em- 40 
bodiment of a control system constructed according to 
the principles of the present invention. Again, the power 
supply 200 includes <N> power supply modules PS 1 to 
PSN in parallel that deliver power to a common load 
LOAD. While the individual components of the power *5 
supply module PSj are illustrated and the operation 
thereof will hereinafter be described, the principles are 
equally applicable to the other power supply modules 
PS n to PS N employed by the modular power supply 200. 
The control system of the present invention includes the so 
overall control circuit and separate module control cir- 
cuit (associated with each power supply module PS t to 
PS N ) as described with respect to FIGURE 2. 

The control system further includes a second char- 
acteristic reference or an additional reference voltage ss 
Vref} f° r * ne power supply modules PS n to PS N . The 
reference voltage V flEF y is added to the common error 
voltage V e and the current error signal l ey to obtain the 



reference voltage V Rj - for the converter Cy: Again, the 
converter C y regulates its output voltage Vy so that the 
difference V^- - ByVy is approximately zero. The output 
voltage Vy (processed by the compensation circuit By) is 
also combined with the reference voltage V Py to provide 
a regulating signal C c y to control the converter Cyto ulti- 
mately more precisely regulate the load voltage V L . 
Analogous to the control system of FIGURE 2, by ad- 
justing the gain of the compensation circuit Kyto be rel- 
atively large, the load voltage V L is approximately equal 
to the common reference voltage V DPV thereby provid- 
ing the advantages as described with respect to FIG- 
URE 2. An additional advantage of the present embod- 
iment is the added reliability provided with the second 
characteristic reference V flEF y. Simply stated, if the com- 
mon error voltage V^ signal is interrupted, the load volt- 
age V L will still be sufficiently regulated to an average 
output voltage of the power supply modules PS-, to PS N 
less the voltage drops in the impedances Z Cy and Zy Th is 
feature provides additional reliability for the power sup- 
ply 200 while maintaining current sharing between the 
power supply modules PS 1 to PS N . 

Turning now to FIGURE 4, illustrated is the modular 
power supply 200 of FIGURE 2 employing yet another 
embodiment of a control system constructed according 
to the principles of the present invention. Again, the 
power supply 200 includes <N> power supply modules 
PSt to PS N in parallel that deliver power to a common 
load LOAD. While the individual components of the pow- 
er supply module PSj are illustrated and the operation 
thereof will hereinafter be described, the principles are 
equally applicable to the other power supply modules 
PSt to PS N employed by the modular power supply 200. 
The control system of the present invention includes the 
overall control circuit and. separate module control cir- 
cuit (associated with each power supply module PS^ to 
PS N ) as described with respect to FIGURE 2. 

For purposes of the present embodiment, the load 
voltage V L is fed back to the compensation circuit By of 
the power supply module PSj instead of the output volt- 
age V y as illustrated with respect to FIGURES 2 and 3. 
The control system, therefore, improves regulation of 
the load voltage V L at the load LOAD when the common 
error voltage V 0 signal is interrupted. Under such cir- 
cumstances, the load voltage V L is regulated at a level 
corresponding to an average of the power supply mod- 
ule PS, to PS N ; also, the voltage drops in the imped- 
ances Z Cy and Z P are effectively removed from the loop 
thereby further improving the regulation of the load volt- 
age V L . 

Turning now to FIGURE 5, illustrated is the modular 
power supply 200 of FIGURE 2 employing yet another 
embodiment of a control system constructed according 
to the principles of the present invention. Again, the 
power supply 200 includes <N> power supply modules 
PSt to PS N in parallel that deliver power to a common 
load LOAD. While the individual components of the pow- 
er supply module PSj are illustrated and the operation 
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thereof will hereinafter be described, the principles are 
equally applicable to the other power supply modules 
PS, to PS N employed by the modular power supply 200. 
The control system of the present invention includes the 
overall control circuit and separate module control cir- 5 
cuit (associated with each power supply module PS 1 to 
PS N ) as described with respect to FIGURE 2. The con- 
trol system, as illustrated in the present embodiment, 
also includes (1 ) afirst sample and hold circuit contained 
in an Analog-to-Digital ("A/D") converter, (2) an accu- 10 
mulator illustrated as a compensation circuit represent- 
ed by a control box 2 -1 and (3) a second sample and 
hold circuit contained in the controller CONTROLLER. 

The load voltage V L is sampled and converted to a 
digital signal through an Analog-to-Digital ("A/D") con- 15 
verter. The digitized load voltage V L (n-1) is subtracted 
from the common reference value V DPV and the result- 
ing common error voltage V e (n-1) is sent to the power 
supply modules PS, to PS N periodically. In addition, the 
output currents I j(n-1 ) to l/v(/>1 ) from the power supply 20 
modules PS, to PS N , respectively, are periodically dig- 
itized and an average value \ AV (i>)) is computed and 
sent to the power supply modules PS., to PSN periodi- 
cally. The power supply module PSj, for instance, then 
derives a current error signal / ey (n-1 ) by processing the 25 
difference between the average current l^v^* 1 ) anc * * ne 
output current l y <n-1 ) of the power supply module PSj via 
the compensation circuit My. The (n-1) sample of the 
power supply module's reference voltage or intermedi- 
ate regulating signal V fly <r>1 ) is obtained through the fol- 30 
lowing equation: 

V n ) = v *y + k / v dpv - v l("- 1 )] + 

M/I^n-1)-I y (n-1)] 55 

The voltage V^n-1 ) serves as a reference that the volt- 
age V y {n-1) is regulated to through the power supply 
module PSj. Again, the load voltage V L is precisely reg- 40 
ulated to the desired level V DPV and the power supply 
modules PS, to PS N share the load LOAD. The control 
system of the present embodiment demonstrates im- 
proved noise immunity in the transmission of the com- 
mon error voltage V e and the average current \ AV be- 45 
cause of the digital transmission of the signals in the 
power supply 200. Additionally, the reference voltage 
y Rj {n) of the power supply module PSj is stored in digital 
memory thereby increasing the reliability of the power 
supply 200 in the event that the common error voltage so 
V e or the average currently is interrupted. Under these 
circumstances, the power supply module PSj may em- 
ploy the last stored value of the reference voltage \/ R j 
(n-1) to regulate the output voltage V y </>1) of the con- 
verter Cy and to maintain the load voltage \/ L at the de- 55 
sired level. Also, the power supply modules PS 1 to PS N 
maintain current sharing provided that the load current 
remains relatively constant and the control parameters 



of the power supply modules PS, to PS N do not drift 
appreciably. 

Turning now to FIGURE 6, illustrated is the modular 
power supply 200 of FIGURE 2 employing yet another 
embodiment of a control system constructed according 
to the principles of the present invention. Again, the 
power supply 200 includes <N> power supply modules 
PS, to PS N in parallel that deliver power to a common 
load LOAD. While the individual components of the pow- 
er supply module PSj are illustrated and the operation 
thereof will hereinafter be described, the principles are 
equally applicable to the other power supply modules 
PS, to PS N employed by the modular power supply 200. 
The control system of the present invention includes the 
overall control circuit and separate module control cir- 
cuit (associated with each power supply module PS, to 
PS N ) as described with respect to FIGURE 2. 

In the illustrated embodiment, the load current \ L is 
sensed and compared with a reference signal \ REF rep- 
resenting a desired load current level, to generate a 
common load current error \ RE fr\ L . Tne common load 
current error I REf r\ L is sent to power supply modules PSj 
to PS N . The output current ly of the power supply module 
PSj is sensed and compared to an average output cur- 
rent l^and the resulting signal is processed by the com- 
pensation circuit My to yield the current error signal l e y. 
The common load current error signal \ RE r^L ' s P roc ~ 
essed by the compensation circuit Kyand the resulting 
signal is added to the current error signal \ e j to obtain 
the reference voltage V fly for the converter Cy. Again, the 
converter C y regulates its output voltage Vy so that the 
difference V fly -ByV y is approximately zero. The output 
voltage Vy (processed by the compensation circuit By) is 
also combined with the reference voltage V fly to provide 
a regulating signal V Cy - to control the converter C y . By 
adjusting the gains of the compensation circuit K y to be 
relatively large, the load current l L is approximately 
equal to the reference current \ REF Therefore, only the 
reference current \ REF need be adjusted to regulate the 
load current \ L thereby avoiding the manual iterative 
process of the prior art. 

Although the present invention has been described 
in detail, those skilled in the art should understand that 
they can make various changes, substitutions and alter- 
ations herein without departing from the spirit and scope 
of the invention in its broadest form. 



Claims 

1 . In a modular power supply having a plurality of mod- 
ule slots capable of receiving power supply mod- 
ules therein, a system for controlling said power 
supply modules to regulate an overall output char- 
acteristic of said modular power supply, comprising: 

an overall control circuit for sensing said overall 
output characteristic of said modular power 



40 



45 



50 



6 



I 



EP 0 809 347 A2 



12 



11 

supply and developing therefrom an overall er- 
ror signal representing a deviation of said over- 
all output characteristic from a reference char- 
acteristic; and 

a separate module control circuit for each of 
said power supply modules, said separate 
module control circuit sensing an output char- 
acteristic of an associated power supply mod- 
ule and developing therefrom and from said 
overall error signal a regulating signal for said 
associated power supply module, said regulat- 
ing signal controlling said output characteristic 
of said associated power supply module to con- 
trol said overall output characteristic of said 
modular power supply. 

2. The system as recited in Claim 1 wherein said sep- 
arate module control circuit senses an output cur- 
rent of said associated power supply module and 
develops therefrom a current error signal represent- 
ing a deviation from an average of output currents 
of said power supply modules, said separate mod- 
ule control circuit combining said current error sig- 
nal with said overall error signal to further develop 
said regulating signal. 

3. The system as recited in Claim 1 wherein said sep- 
arate module control circuit senses an actual output 
current of said associated power supply module 
and develops therefrom a current error signal rep- 
resenting a deviation of: 

a ratio of said actual output current to a maxi- 
mum output current of said associated power 
supply module from 

a ratio of an actual output current of said mod- 
ular power supply to a maximum output current 
of said modular power supply, 

said separate module control circuit combin- 
ing said current error signal with said overall error 
signal to further develop said regulating signal. 

4. The system as recited in Claim 1 wherein said sep- 
arate module control circuit develops said regulat- 
ing signal from a second characteristic reference 
signal of said associated power supply module. 

5. The system as recited in Claim 1 wherein said sep- 
arate module control circuit develops said regulat- 
ing signal directly from said overall output charac- 
teristic. 

6. The system as recited in Claim 1 , further compris- 
ing: 

a first sample and hold circuit for receiving and 
temporarily storing said overall output charac- 



teristic, said overall control circuit developing 
therefrom a sampled overall error signal; 
a second sample and hold circuit for receiving 
and temporarily storing an output current of 
5 said associated power supply module, said 

separate module control circuit developing 
therefrom a sampled current error signal repre- 
senting a deviation from an average of output 
currents of said power supply modules; and 
10 an accumulator, associated with said separate 

module control circuit, for generating an inter- 
mediate regulating signal from said sampled 
overall error signal and said sampled current 
error signal. 

15 

7. The system as recited in Claim 1, further compris- 
ing: 

a first sample and hold circuit for receiving and 
20 temporarily storing said overall output charac- 

teristic, said overall control circuit developing 
therefrom a sampled overall error signal; 
a second sample and hold circuit for receiving 
and temporarily storing an actual output current 
25 of said associated power supply module, said 

separate module control circuit developing 
therefrom a sampled current error signal repre- 
senting a deviation of: 

30 a ratio of said actual output current to a 

maximum output current of said associated 
power supply module from 
a ratio of an actual output current of said 
modular power supply to a maximum out- 
35 put current of said modular power supply; 

and 

an accumulator, associated with said separate 
module control circuit, for generating of an in- 
40 termediate regulating signal from said sampled 

overall error signal and said sampled current 
error signal. 

8. The system as recited in Claim 1 wherein said over- 
4$ all output characteristic is a function of an output 

voltage of said modular power supply. 

9. The system as recited in Claim 1 wherein said over- 
all output characteristic is a function of an output 

50 recurrent of said modular power supply. 

10. The system as recited in Claim 1 wherein said each 
of said power supply modules comprises power 
conversion circuitry coupled to an output of said 

55 modular power supply via an impedance network. 
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FIG. 6 
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